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urban lines may be operated electrically much more economically
than at present. The large and efficient organization of the trunk
line system also adds materially to this possibility. These short
branch roads then become valuable feeders to the through trunk
line.
Still further economy and convenience to passengers in such
branch line operation may often be brought about by adding
branch line motor cars to the through train at junction points,
operating the entire train thus made up by the multiple unit
system.
Improvement of Service.—It is believed that the first question
to be asked by the directors of a steam road, to which reference
was made early in the chapter, has been satisfactorily answered
by the above improvements in the service, which have been shown
to be possible upon electrified roads.
The factors, adaptability to service, possibility of increased
drawbar pull and more rapid acceleration should, however, have
more detailed analysis, for it is largely with regard to these fea-
tures that service may be improved and earnings increased, and
therefore it is these features to which the present steam rail-
road officials look at a time when service can no longer be increased
with present locomotives since the latter have practically reached
their maximum size and efficiency.
Tractive Effort and Drawbar Pull.—In Fig. 186 are plotted
the speed tractive effort curves for several modern steam and
electric freight locomotives. The weight of the tender is in-
cluded in the steam locomotive "weights and all of the electric
locomotives are double unit machines. The data, from which
the curve for the steam Mallet was plotted, were taken in the
course of some tests by the Southern Pacific Railway on one of its
largest oil burning locomotives.1 The curve for the Mikado
type locomotive was calculated from the dimensions of a typical
locomotive of that type as built in the year 1913. The single-
phase locomotive units are of the type used by the New York,
New Haven & Hartford Eailroad for mixed service and are
geared for higher speeds than are usually practicable in heavy
mountain freight service. The three-phase units are of the
type used by the Great Northern Railway in its Cascade tunnel
electrification and the direct current units are the Butte, Ana-
conda & Pacific type which were described in Chap. XXVI.
1 Railway Age Gazette, Jan. .14, 1910,
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